Molecular and bioinformatics characterization of fruit bromelain from ananas comosus by Tuan Norsyalieza, Tuan Aznan
  
 
MOLECULAR AND BIOINFORMATICS 
CHARACTERIZATION OF FRUIT BROMELAIN 
FROM ANANAS COMOSUS 
 
 
 
 
TUAN NORSYALIEZA BINTI TUAN AZNAN 
 
 
 
 
 
 
Master of Science 
 
UNIVERSITI MALAYSIA PAHANG 
 
 SUPERVISOR’S DECLARATION 
We hereby declare that We have checked this thesis and in our opinion, this thesis is 
adequate in terms of scope and quality for the award of the degree of Master of Science. 
 
 
_______________________________ 
 (Supervisor’s Signature) 
Full Name  : DR AIZI NOR MAZILA BINTI RAMLI 
Position  : SENIOR LECTURER 
Date   : 13 AUGUST 2018 
 
 
_______________________________ 
 (Co-supervisor’s Signature) 
Full Name  : DR NOORMAZLINAH BINTI AHMAD 
Position  : SENIOR LECTURER 
Date   : 13 AUGUST 2018 
 
 
________________________________ 
             (Co-supervisor’s Signature) 
Full Name : EN HAIRUL BIN ABD RAHIM 
Position : LECTURER 
Date  : 13 AUGUST 2018
 STUDENT’S DECLARATION 
I hereby declare that the work in this thesis is based on my original work except for 
quotations and citations which have been duly acknowledged. I also declare that it has not 
been previously or concurrently submitted for any other degree at Universiti Malaysia 
Pahang or any other institutions.  
 
 
_______________________________ 
 (Student’s Signature) 
Full Name : TUAN NORSYALIEZA BINTI TUAN AZNAN  
ID Number : MKT 15004 
Date  : 13 AUGUST 2018 
 
  
 
 
MOLECULAR AND BIOINFORMATICS CHARACTERIZATION OF FRUIT 
BROMELAIN FROM ANANAS COMOSUS 
 
 
TUAN NORSYALIEZA BINTI TUAN AZNAN 
 
 
Thesis submitted in fulfillment of the requirements 
for the award of the degree of   
Master of Science 
 
 
 
 
 
Faculty of Industrial Sciences & Technology 
UNIVERSITI MALAYSIA PAHANG 
 
AUGUST 2018 
 
 
  
 
 
 
 
 
 
 
Dedicated to my parents
  iii 
ACKNOWLEDGEMENTS 
Assalamualaikum and greetings. All praises and thanks to Allah (S.W.T), who has guided 
me to this. With his blessing, I manage to accomplish my Master Degree to the end. I also 
learn a lot of things along the journey. 
Word cannot express my gratitude towards my beloved supervisor, Dr Aizi Nor Mazila 
Bt Ramli. Her encouragement, assistance and guidance right from the beginning to the 
end enabled me to develop an understanding of this research. Her patience also means a 
lot to me. Besides that, I wish to deliver my appreciation to my co-supervisor, Dr. 
Noormazlinah Binti Ahmad and Mr. Mohd Hairul Bin Ab. Rahim for valuable insights 
and discussions.  
Special thanks go to Faculty of Industrial Sciences & Technology (FIST) laboratory staff, 
Mrs. Salmah, Mr. Husaini and all of them for their kind assistance and consultation 
throughout this research.  
I also want to convey my regards to my laboratory colleagues who helped me in many 
ways, particularly Nur Dini Binti Johari and Nurul Haida Bt Idrus. This project would not 
have been possible without support of many people especially my parents and family. 
They are always there to support me with their best wishes.  
Last but not least, I would also like to deliver my thanks to Institute of Postgraduate 
Studies (IPS), Central Laboratory, Universiti Malaysia Pahang (UMP) and Lembaga 
Nenas Malaysia (LPNM) for providing my research study with materials, training and 
workshop. 
 
 
 
 
 
 
 
 
  iv 
ABSTRAK 
 
Nanas secara saintifik dikenali sebagai Ananas comosus, mempunyai beberapa kultivar 
yang terdapat di Malaysia, termasuk Moris cv, N36 cv, dan Sarawak cv. Bromelain telah 
dikenal pasti sebagai komponen aktif dan protease utama A. comosus dan telah diterima 
dan diakui secara meluas luas sebagai ubat phototherapeutic. Walaupun pelbagai 
penyelidikan telah dikhaskan untuk bromelain dari A. comosus, perhatian kurang 
diberikan kepada bromelain buah berbanding dengan bromelain empulur. Oleh itu, tujuan 
kajian ini adalah untuk mendedahkan maklumat mendalam tentang bromelain buah dari 
A. comosus. Sehingga baru-baru ini, struktur tiga dimensi (3D) bromelain kekal dapat 
dijelaskan. Maklumat komprehensif mengenai struktur struktur bromelain yang 
menyeluruh adalah penting untuk aplikasi terapeutik dan pemahaman tentang peranan 
mereka dalam sel dan dalam mekanisma molekul lain yang berkaitan. Dalam kajian ini, 
saringan bromelain buah dari kultivar nanas tempatan (Morris cv, N36 cv dan Sarawak 
cv) telah dilaksanakan, diikuti oleh pengasingan dan pengklonan bromelain buah dari 
kultivar terbaik dengan aktiviti proteolitik tertinggi untuk analisis urutan . Selain itu, 
perbandingan bromelain buah dan empulur dilakukan menggunakan alat bioinformatik, 
termasuk kedua-dua asid amino dan perbandingan struktur. Dari hasil pemeriksaan, 
aktiviti proteolitik tertinggi (0.8220 U / mL) diperhatikan dari bromelain buah Morris cv, 
diikuti oleh N36 cv (0.7695 U / mL) dan Sarawak cv (0.6942 U / mL). Pengekodan gen 
untuk bromelain buah nanas berjaya diasingkan dari Morris cv. menggunakan Reverse 
Transcription-Teknik Reaksi Rantai Polimerase (RT-PCR). Urutan asid amino dan 
analisis domain buah dan empulur bromelain menunjukkan beberapa perbezaan dan 
persamaan anggota keluarga protease cysteine. Selain itu, analisis bromelain buah 
(BAA21848) dan empulur (CAA08861) bromelain mendedahkan kehadiran sifat unik 
struktur yang diramalkan sebagai pemangkin Cys-148, His-281, Gln-174 dan Asn-275 
oleh bromelain buah sementelah itu bromelain empulur Cys-147, His-281, His-141 dan 
Asn-302. Ini memainkan peranan penting dalam pemangkinan kimia sebagai pemangkin 
asid / asas am. Analisis urutan dan ramalan struktur bromelain buah dan empulur dari A. 
comosus, bersama-sama dengan perbandingan kedua-dua struktur memberikan wawasan 
baru mengenai sifat-sifatnya yang berbeza untuk aplikasi perindustrian. Dari analisis, 
bromelain empulur lebih hidrofobik daripada bromelain buah. Pengetahuan struktur 
enzim proteolitik dari A. comosus dijangka dapat meningkatkan pemahaman fungsi dan 
mekanisma. 
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ABSTRACT 
 
Pineapple scientifically known as Ananas comosus, has several available cultivars in 
Malaysia, including Moris cv, N36 cv, and Sarawak cv. Bromelain has been identified as 
an active component and a major protease of A. comosus and has gained wide acceptance 
and compliance as a phototherapeutic drug. Although a considerable level of research has 
been devoted to bromelain from A. comosus, less attention has been paid to the fruit 
bromelain compared to the stem bromelain. Therefore, the purpose of this research is to 
reveal an in-depth information regarding fruit bromelain from A. comosus. Until recently, 
the three-dimensional (3D) structure of bromelain remained to be elucidated. A 
comprehensive information on the thorough structural organisation of bromelain is vital 
for therapeutic application and in the understanding of their role in cells and in other 
related molecular mechanisms. In this study, the screening of fruit bromelain from the 
local pineapple cultivars (Morris cv, N36 cv. and Sarawak cv) was implemented, 
followed by the isolation and cloning of the fruit bromelain from the best cultivar with 
the highest proteolytic activity for sequence analysis. Additionally, a comparison of the 
fruit and stem bromelain was performed using bioinformatics tools, including both amino 
acids and structural comparisons. From the screening results, the highest proteolytic 
activity (0.8220 U/mL) was observed from the fruit bromelain of Morris cv, followed by 
N36 cv (0.7695 U/mL) and Sarawak cv (0.6942 U/mL). A gene encoding for pineapple 
fruit bromelain was successfully isolated from Morris cv. using Reverse Transcription -
Polymerase Chain Reaction (RT-PCR) techniques. The amino acid sequence and domain 
analysis of the fruit and stem bromelains demonstrated several differences and 
similarities of the cysteine protease family members. Additionally, an analysis of the 
modelled fruit (BAA21848) and stem (CAA08861) bromelains revealed the presence of 
unique properties of the predicted structures Cys-148, His-281, Gln-174 and Asn-275 are 
the catalytic residues of fruit bromelain whereas stem bromelain Cys-147, His-281, His-
141 and Asn-302. This play crucial roles in chemical catalysis as general acid/base 
catalysts. The sequence analysis and structural prediction of the stem and fruit bromelain 
from A. comosus, along with the comparison of both structures provided a new insight on 
their distinct properties for industrial application. From the analysis, stem bromelain is 
more hydrophobic than fruit bromelain. The knowledge of the structure of these 
proteolytic enzymes from A. comosus is expected to increase the understanding of their 
functions and mechanism. 
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